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FORE WORD 

Hydraulic model studies of the headworks and s luice-  
way of Bartley Diversion Dam, Missouri  River Basin Project ,  
were conducted in the Hydraulic Laboratory of the Bureau of 
Reclamation a t  Denver ,  Colorado, during May, June, and July 
of 1952. 

The final plans evolved from this study were  developed 
through the cooperation of the staffs of the Diversion Works Sec- 
tion and the Hydraulic Laboratory. During the cour se  of the 
model study, A. W. Kidder, J. A. Hufferd, and o thers  of the  
Diversion Works Section frequently visited the laboratory to  ob- 
s e rve  the model operation and to d i scuss  tes t  r e su l t s .  

The study was conducted by the wr i te r ,  P. "F. " Enger ,  
and was under the supervision of E. J. Carlson. 
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SUMMARY 

A 1:7 undistorted scale  hydraulic model was used to study the 
headworks and sluiceway of Bart ley Diversion Dam of the Missouri  
River  Basin Pro jec t .  T e s t s  were  conducted to develop a design that 
would pass  the maximum amount of sediment through the sluiceway, 
thus keeping a s  much sediment a s  possible from enter ing Bart ley Ca-  
nal headworks. 

A feasible design was determined and additional tes t s  were 
conducted to help determine the most favorable operating procedure to 
u s e  with the prototype. 

The prel iminary design and s ix  changes were  studied. Com- 
parison of designs was made f rom concentrations of sand in the sluice- 
way and headworks. The sediment distribution was irnljroved from the 
prel iminary design, in which most of the sediment passed through the 
headworks, to a recommended design in which the concentration of 
sediment in the sluiceway was approximately seven t imes as g rea t  as 
the concentration of sediment in the headworks for the tes t  conditions. 
F o r  a summary  of tes t  r e su l t s  s ee  Table 1. The var ious designs 
tested a r e  shown in F igures  3 and 13. Each change resulted in  an im-  
provement w e r  the prel iminary design. Change 4 ,  shown in F igure  
13, proved to be the most favorable when removal  of sediment and cost  
of construction was considered. 

F rom the model studies of Superior-Courtland Diversion Dam, 
Hydraulic Laboratory Report No. Hyd-275, i t  was known that guiding 
the flow in the a r e a  immediately upstream from the headworks and 
sluiceway provided an effective method of using sluicing water. The re -  
fore ,  in a l l  models tested, walls to guide the flow were used. The 
recommended design, F igure  13, consis ts  of two guide walls forming 
a curve past the headworks. Changes 1 and 2 had two guide walls in- 
stalled,  while Change 3 incorporated a skimming weir  with the guide 
walls of Change 2,  and Changes 5 and 6 incorporated a sluicing tunnel 
with the guide walls of Change 4. 



u s e  wi th  the  prototype,  indica ted  t h e  s lu i c ing  ac t ion  wi; e f f ec t ive  f o r  
a wide  r a n g e  of s l u i c i n g  d i s c h a r g e s ,  F i g u r e  20. T h e  t e s t s  a l s o  indi -  
ca t ed  t h a t  occas iona l  i n t e r m i t t e n t  s lu i c ing  wi th  a c o m p a r a t i v e l y  l a r g e  
d i s c h a r g e  w a s  d e s i r a b l e .  

IN'T RODUCTION 

With t h e  i l l c r eas ing  denland f o r  w a t e r  d ive r t ed  f r o m  a l luv ia l  
s t r e a m s ,  t h e  p r o b l e m  of s e d i m e n t  c o n t r o l  h a s  becorne o f  m a j o r  i m -  
p o r t a n c e .  T h e  r e m o v a l  of c o a r s e  sed in len t  c a r r i e d  i n t o  c a n a l s  by d i -  
ve r t ed  w a t e r  h a s  b e c o m e  a m a j o r  i t e m  in  t h e  ope ra t ion  a n d  ma in ten -  
a n c e  c o s t s  of m a n y  c a n a l s .  On s o m e  of the  l a r g e r  p r o j e c t s  e l a b o r a t e  
and  c o s t l y  des i l t i ng  w o r k s  h a v e  been  bui l t .  On s m a l l  p r o j e c t s  t h e  c o s t  
of e l a b o r a t e  s t r u c t u r e s  is not jus t i f ied ,  and  s i m p l e r  a n d  c h e a p e r  m e a n s  
of e l imina t ing  the  sedinlei l t  f r o m  the  c a n a l s  m u s t  bc  found.  In a gen-  
eral s t u d y  p r o g r a m  of the  s e d i n l e n t  c o n t r o l  p r o b l e m ,  m o d e l s  of Su- 
pe r io r -Cour t l and  a n d  Republ ic  D i v e r s i o n  D a m s  w e r e  bui l t  and  t e s t e d  
in t h e  B u r e a u  of Rec lama t ion  H y d r a u l i c  L a b o r a t o r y  at Denver ,  Colo-  
r a d o .  Continuing s e d i m e n t  c o n t r o l  s tud ie s ,  a 1:7 s c a l e  m o d e l  of t h e  
headworks  and  s l u i c e w a y  of B a r t l e y  Dive r s ion  Dam w a s  built  and  
t e s t ed .  

B a r t l e y  D i v e r s i o n  D a m ,  loca ted  in Nebraska  o n  t h e  Republi-  
can  Rives ,  F i g u r e  1, wi l l  c o n s i s t  of two compac ted  e a r t h  d ikes ,  a p p r o s -  
in la te ly  2, 100 f e e t  long  and  1 8  f e e t  high, a 700-foot-wide overf low s p i l l -  
way, t w o  10-foot-wide s l u i c e  g a t e s ,  and  two 10-foot-wide head g a t e s  
t o  B a r t l e y  Cana l ,  F i g u r e  2.  B a r t l e y  Canal ,  which h a s  a d e s i g n  d i s -  
c h a r g e  of 130 c f s  a n d  a length  of a p p r o x i m a t e l y  1 9 . 8  m i l e s ,  w i l l  s e r v e  
about  7, 030 a c r e s  of i r r i g a b l e  land on the  s o u t h  s i d e  of t he  r i v e r .  T h e  
1:7 s c a l e  m o d e l  s tud ied  inc luded one  s lu icewzy,  B a r t l e y  C a n a l  head-  
works ,  and  a length of t he  Republ ican  R i v e r  c t ~ a n n e l  u p s t r e a m  f r o m  t h e  
d a m .  

T h e  s c o p e  of the  m o d e l  s tudy  w a s  l in l i ted .  However ,  by t ak ing  
advan tage  of p r e v i o u s  s t u d i e s ,  Supe r io r -Cour t l and  a n d  Republ ic  D i v e r  - 
s i o n  Dams':, a good s lu i c ing  ac t ion  w a s  obtained.  

CONSrrRIJCTIOX AND OPEICATION 0 1 7  TIIE MODE L 

A s  shown i n  F i g u r e  3, t h e  l : ?  s c a l e  mode l  w a s  built i n  a n  e x -  
is t ing box which w a s  c o n s t r u c t e d  of wood and  lined with s h e e t  n le ta l  
; ~ n d  which m e a s u r e d  approx in la t e ly  29 by 76 fee t .  T h e  s lu i ceway  and  
headworks  of t h e  m o d e l  w e r e  bui l t  of s h e e t  m e t a l  s n  a wooden f r a m e -  
work .  T h e  r i v e r  channe l  u p s t r e a m  f r o m  t h e  h e a d w o r k s  was sand  which 
w a s  a l lowed t o  a s s u m e  a n a t u r a l  s l o p e  f o r  t i le c l i scharge  a n d  s e d i m e n t  

::: Hydrau l i c  L a b o r a t o r y  R e p o r t s  No. Hyd-275 a n d  Hyd-316. 



- 
way, a ver t ica l  wall was placed along the spillway ax is .  A photogGaph 
of the model may be seen in  Figure 4a and in the frontispiece. 

A sediment feeding sys tem consisting of a 14 -cubic-foot hopper, 
a vibratir,,a trough, and a vaned sand chute, Figure 5, maintained a con- 
tinual discharge of sand into the simulated r i v e r .  The sand used was 
obtained from a loosely cemented sandstone ground in a hammer  mill ,  
The mean diameter  of the sand was approximately 0.2 m m  with 90 per -  
cent passing the 40-mesh and 10 percent being retained on the 100- 

C 
mesh U.S. standard s c r e e n s  (0.43 to  0.15 mm).  The s i ze  analysis  
curve of the model sand may be seen i n  Figure 6 ,  and the relationship 
between the settling velocities of the sand i n  the model and prototype 
may be seen  in Figure 7 .  Figure 8 shows photomicrographs of the 
model sand and washed Republican River sand. Size comparison can 
be made from the 1-mm rectangular grid shown on the photographs. 
The main requirement for  the model sediment was that i t  would move 
s imi l a r  to  the bed sediment of the prototype with the discharge and 
velocity obtainable i n  the model. Previous t e s t s  on the Superior-Court- 
land model indicated that the fine sand would move satisfactorily under 
relatively low discharges.  

Water w a s  supplied by a portable pump. The discharge was 
measured with a venturi orifice me te r  and controlled by means of a 
valve near  the head box. Flow through the headworks and sluiceway 
was controlled by radial  gates .  The discharge through the headworks 
was measured with a V-notch weir  and the difference between this and 
the total  discharge through the venturi orifice me te r  gave the discharge 
through the sluiceway. 

The total  water and sand discharge into the model w a s  held con- 
stant and the model was operated until a s ta te  of equilibrium was reached, 
o r  a s  much sand and water  was leaving the niodel a s  was entering i t .  
Samples of the sand and water  being discharged through the sluiceway 
and headworks were taken by passing a sharp-edged trough, shown i n  
Figures  4a and 9, through the nappes. The water discharged f r o m  the 
trough into a sho r t  conduit and into calibrated collecting tanks,  Figure 
4b. The tanks were calibrated to read the total  amount of water and 
sand in l i ters ,  and a t  the bottom of the tanks sma l l  removable g l a s s  
funnels were calibrated to read the number of g r a m s  of sand that sett led 
to the bottom of the tank. 

A total  discharge of 97 .5  cf!; w a s  used for a l l  t e s t s .  F o r  com- 
parison tes t s  the approximate division of water  was 60 cfs diverted 
through the Bartley Canal headworks and 37.5 cfs utilized as sluicing 

11 _. water. The "Sand Load Study for Bartley Diversion Dam, prepared by 
the I b n s a s  River District, indicated 37.5 cfs  will be available for  s luic-  
ing purposes approximately 70 percent of the t ime that the canal is in 
operation. These  studies a l s o  indicated that a discharge equal to, cr 
l e s s  than, the 60 c fs  will be diverted to  Bartley Canal approximately 78 
percent of the t ime it is in operation, s e e  Figures  10 a n d  11. 



vision of flow between the headworks and sluiceway was  var ied  while 
t he  to ta l  d i scharge  in the r i v e r  w a s  maintained constant  a t  97.5 c f s .  
T e s t s  we re  a l s o  made  of in termit tent  s luicing with the recommended 
desigri. 

The wa t e r  su r f ace  elevation i n  the  r i v e r  ups t r eam i r u m  the 
headworks was  held at appros imate ly  2352.5 feet  f o r  t e s t s  conducted 
on a l l  changes.  The  wate r  su r f ace  in the r i v e r  was read  by a staff 
gage located outside the guided flow a r e a .  

Al l  t e s t s  w e r e  conducted with the  wa t e r  and sed iment  d i s -  
charge enter ing the model  held constant .  A concentrat ion of sand in 
the s t r e a m  flow of 474 ppm, by weight, w a s  used fo r  t he  s tud ies .  The 
sed iment  feed was  s e t  by regula t ing the  vibrat ing t rough sand feeder ,  
F igure  5, with a rheos ta t .  

During the  tes t ing i t  was  found that the concentra t ions  pass -  
ing the headworks and s l u i ce~vay  var ied  with t ime.  Th i s  w a s  believed 
'due t o  the  continually shi f t ing channel  of the  r i v e r  bed and the fact  that  
sand approached the  guide walls  in  waves. Samples  of the  discharge 
through the headworks and sluiceway w e r e  taken s imul taneously  a t  va ry-  
ing in tervals .  The s a m p l e s  we re  averaged,  and the  concentrat ion of 
sand in the headworks and sluiceway in ppm by weight was  calculated.  

Data recorded  included wa t e r  and sediment  d i s cha rge  into the 
model, water' s u r f ace  elevations of the r e s e r v o i r ,  the length of t ime  
the model  was run,  and the  wa t e r  and sedimen.t d is t r ibut ion through the  
headworks and sluiceway. When a s y s t e m  of in te rmi t t en t  s luicing was  
used, the  t ime of s lu ic ing and sampl ing  was  a l s o  r eco rded .  

THE INVESTIGATION 

Changes of the p re l iminary  model  w e r e  made  t o  ut i l ize two 

I phenomena i n  sed iment  t ranspor ta t ion:  The  f i r s t  being that  contact 
sed iment  load concerl trates on t he  inside of a curved open channel, and 
the second being that  the  concentrat ion of the sand and l a r g e r  f rac t ions  
of suspended seditnent  is g r ea t e s t  n e a r  the  bed of a channel and de-  
c r e a s e s  with inc reas ing  elevation.  

1 Pre l im ina ry  Design 

The f i r s t  t e s t  was  nlade wi th  the headworks and sluiceway a r -  
, ranged as shown in  F i g u r e  3 .  A tota l  d i scharge  of 97.5 c f s  was  used; 

60 .2  cfs was diver ted  t o  the headworks and 3 7 . 3  c i s  was  used a s  sluic- 
ing  wa t e r .  The headwater  elevation was  held a t  approximately  2352.48 
feet, and the model was  operated fo r  84 hours .  A photograph of the  
model  before  operat ion and a photograph of the model  dur ing  operation 
may be seen in the f ront ispiece  and Figure 4a, respect ively .  



sand b a r s  w e r e  building up in f ront  of-the headworks.  A sind b a r  f i r s t  
built up in  front  of Gate 2, F igu re  3 .  As may  be s e e n  in  F igu re  12a, 
the  sluiceway had very  l i t t le  effect  on flow conditions n e a r  Gate 2. With 
continued operation,  a sand b a r  built up i n  f ron t  of Gate 1. A photograph 
of the sand b a r s  that  fo rmed  a f t e r  84 hours  of operation is shown in  F ig -  
u r e  12b.  

Af te r  equil ibrium was reached,  s a m p l e s  of the  d i scharge  through 
the sluiceway and headworks w e r e  taken at varying in tervals .  F r o m  the  

# 

s amp le s  it was  observed that  the amount of sediment  d rawn through the  
sluiceway varied 3. g rea t  dea l  with the di rect ion of the approach  channel  
to  the s lu iceway and headworks.  When the  ma jo r  p a r t  of the  flow c a m e  
f rom the  di rect ion of the spil lway and flowed pas t  the a r e a  in f ron t  of 
the s lu iceway '  before en te r ing  the  headworks,  the  concentra t ion of sedi-  
ment passirig through the  sluiceway was  about equal  t o  thewconcentration 
pass ing through the headworks. However, when the  channel  shifted and 
t he  ma jo r  portion of the  flow c a m e  down the  r ight  bank, looking down- 
s t r e a m ,  a n d  pas t  the headworks  before  en te r ing  t he  sluiceway m o s t  of 
the  sed iment  was  swept through the headworks .  A s  t h e  approach  chan- 
ne l  was  continually shifting, the concentrat ion var ied  considerably .  An 
ave rage  ove r  the 84-hours showed the concentratio11 of sediment  pass ing 
through the headworks t o  be 1,020 ppm, by weight, and the concentra t ion 
of sed iment  pass ing through the  sluiceway t o  be 135  ppm, by weight, 
Table  1. The  resul t ing r a t i o  of concentrat ion of sed iment  in the  s lu ice-  
way to  concentrat ion of sed iment  in  the  headworks was  0 .13 .  The  a v e r -  
age  concentrat ion of sediment  being discharged f r o m  the  model  was  681 
ppm. It will be noticed that  the  concentrat ion of sed iment  which was  d i s -  
charged f r o m  the model w a s  somewhat higher than the 474 pprn which 
was  fed in to  the  model, Table  1. The high concentrat ion of sed iment  
being discharged was probably due to lack of equi l ibr ium of t he  s lope  of 
the  bed in the e a r l y  s t age s  of the  t e s t .  

I Change 1 

T o  improve the  sed iment  concentrat ions,  curved guide wal ls  
were  ins ta l led .  Var ious  a r r a n g e m e n t s  of curved guide walls  had been 
t es ted  on previous  models  t o  take  advantage of the  fact  that  contact  sed i -  
rnent load concentra tes  on the  inside of a curve .  Using data  f r o m  p re -  
vious t es t s ,  t h e  walls  forming a curve  pas t  Ihe headworks ,  shown in Fig- 
u r e  13, we re  designed. The  a r e a  between the wal ls  was  filled with sand 
t o  elevation 2348.00 feet ,  and the t e s t  d i scharge  of 97 .5  c f s  was  s e t .  
Approximately the  s a m e  division of d i s cha rges  w a s  used a s  i n  the  p r e -  
l iminary  design; 58.0 c f s  was  diver ted  t o  the  cana l  and 39.5  c f s  was  
used a s  s lu ic ing water .  The  headwater  elevation was  held a t  approxi-  
mate ly  2352.53 feet.  

The model  was  operated f o r  51 -112 hou r s  a t  the  preceding con- 
d i t ions .  During operation,  samples w e r e  taken of the wate r  and s ed i -  
ment in  the sluiceway and headworks. The  s a m p l e s  indicated a n  i m -  
provement  over  the p re l iminary  design.  The  ave rage  co~zcentra t ion of 



of 1 ,020 to  603 ppnl, while the  sed iment  concentrat ion i l l  t he  s lu iceway 
inc reased  f r o m  135 t o  250 ppnl. T h e s e  sed iment  concentra t ions  re- 
sulted i n  a n  a v e r a g e  of 460 ppm and improved the r a t i o  of sed iment  con-  
cent ra t ion  i n  the  s lu iceway t o  sed iment  concentrat ion i n  t h e  headworks  
f r o m  0 .13  t o  0 .41 .  

After  a few hours  of mode l  operat ion,  a sand  b a r  began t o  
build up in  f r o n t  of Gate 2. Apparent ly  high sediment  concentra t ion oc- 
c u r r e d  n e a r  the  guide wall which approached Gate 2. T o  d e t e r m i n e  t h e  
amount  of sed iment  being discharged f r o m  each  headworks  gate,  a num- 
b e r  of integrated s a m p l e s  w e r e  taken of e a c h  gate.  T h e  s a m p l e s  taken 
f r o m  Gate  2 were found t o  contain a sed iment  concentra t ion of 716 ppm, 
while those taken f r o m  Gate 1 w e r e  found t o  c m t a i n  a s e d i m e n t  concen- 
t r a t ion  of 492 ppm. Throughout the  m o d e l  operat ion of Change 1, t h e  
a r e a  i n  front  of Gate 1 did not accumula te  a sed iment  b a r .  

13hotographs showing the  m o d e l  in operat ion and the  condition 
of the sand bed between the  guide walls of Change 1 m a y  be  s e e n  i n  Fig- 
u re  14 .  It may  be noticed, f r o m  a study of the photograph showing the  
model  in opera t ion,  F i g u r e  14a ,  that a l a r g e  pe rcen tage  of the  confet t i  
and cor~scque~-l t ly the  s u r f a c e  c u r r e n t  follows the  wall  leading t o  Gate  2. 

Change 2 

Change 2 ,  a s  shown in  F i g u r e  13, was the  s a m e  g e n e r a l  h y -  
out as Change 1, i ~ o w e v e r  i t  was  modified t o  cause  the flow t o  e n t e r  t h e  
a r e a  between the  guide wal ls  with l e s s  tu rbu lence .  A 2:l s i d e  s lope  was  
added n e a r  the  r ight  guide wal l  and a s m a l l  r ad ius  was  included on the  
end of the  left wall.  Other  d imens ions  w e r e  changed sl ightly,  but t h e  
g e n e r a l  lay-out of Changc 1 was  used.  The area between the  guide walls  
was f i l led t o  elevation 2348.00 feet ,  while the r e m a i n d e r  of t h e  sand bed 
was left unchanged. 'The to ta l  d i scharge  of 97.5 c f s  w a s  se t ;  59 .7  c f s  
w x s  d iver ted  t o  the  headworks,  whiie 37.8 c f s  cuntinued through t h e  
s l ~ ~ i c e w a y .  7'he headwater  elevation was  held at approximately 2352.51 
feet ,  a n d  the model was opera ted  continuously for  34 honrs .  

Change 2 r e s ~ l l t e d  in a concentra t ion ra t io ,  C s / C h ,  of 1 . 6 .  The 
a v e r a g e  sed iment  concentra t ion i n  s a m p l e s  takcn from the  headworks  
was 367  ppm, and the  a v e r a g e  sed iment  concentra t ion i n  s a m p l e s  taken 
f rom t h e  sluiceway was 588 ppm. The a v e r a g e  sedirnerlt concentra t ion 
i l l  the water  leaving t h e  mocfel was  453 ppm, which w a s  sl ightly lower  
than the  474 ppnl which was being added t o  the  w a t e r  en te r ing  the model .  

tllthough the division of sed iment  was i n ~ p r o v e d ,  it  was noted 
that  a sand b a r  built  up i ~ i  f ront  of Gate 2 in n m a n n e r  s i m i l a r  t o  that of . 
Change 1. To d e t e r m i n e  any change i n  t h e  sediment  c ~ n c e n t r a t ~ i o n  going 
through the  gates ,  each headworks  gate  was  sanlpled separa te ly .  T h e  
resu l t ing  data  indicated a sed iment  co~ lcen t ra t ion  of 489 ppm pass ing  
Gate 2 and a sed iment  c o n c e n t r a t i o ~ l  of 246 ppm pass ing  Ga te  1 .  The 
sand b a r ,  which fo rmed  i n  f ront  of Gate 2, may  be s e e n  in. the photograph 



..+ . -  
eratiGn; confe t t i  on t h e  s u r f a c e  of t h e  w a t e r  -out l ines t h e  s u r f a c e  flow 
pa t t e rn .  

Change 3 

In a n  a t t e m p t  t o  e l i m i n a t e  t h e  sand  b a r  f r o m  building up i n  
f ron t  of G a t e  2, a s k i m m i n g  weir. w a s  u t i l ized .  A s  m a y  be  s e e n  i n  
F i g u r e  13, Change  2 w a s  inodified t o  t e s t  t h e  s k i m m i n g  w e i r .  T h e  
w e i r  w a s  placed p a r a l l e l  t o  t h e  lef t  w a l l  and in f ron t  of t h e  headworks .  

4 

Using a length  of 28.15 feet ,  all e leva t ion  cjl 2351.16 f e c t  w a s  ca lcula ted  
f o r  the  t o p  of the  w e i r .  A f t e r  t he  w e i r  was i n  p l a c e  t h e  c h a n n e l  be tween  
the  w a l l s  and  be tween t h e  w e i r  and t h e  headworks  w a s  f i l led  with sand  
t o  e l eva t ion  2348 .00  fee t ,  and  the  r i v e r  d i s c h a r g e  of 97 .5  c f s  w a s  s e t .  
T h e  w a t e r  w a s  divided i n  a m a n n e r  s i n l i l a r  t o  p r e c e d i n g  t e s t s ;  58.8 c f s  
through the  headworks  and  3 8 . 7  c f s  th rough  t h e  s lu i ceway .  T h e  head-  
w a t e r  e l eva t ion  w a s  held at a p l ~ ~ ' o s i m a t e l y  2352.49 f ee t ,  a n d  t h e  m o d e l  
r e m a i n e d  in  continuous ope ra t ion  f o r  24 h o u r s .  

No i m p r o v e m e n t  o v e r  Change  2 w a s  indica ted  when s a m p l e s  
w e r e  t aken .  A s  m a y  bc s e e n  i n  the  photographs  of F i g u r e  lG, the  s a n d  
b a r  built  up over- t h e  t o p  of t he  sl;imming w e i r  and  in f r o n t  of the  head-  

, works .  T h e  concen t ra t ion  r a t i o  w a s  1 . 6 ,  t h e  s a m e  as t ha t  of Change  2. ~ However., t h e  a v e r a g e  concentl.ation of s ed i rnen t  l eav ing  t h e  m o d e l  in-  
creased f r o m  453 ppm t o  481 ppm. A s  no  i m p r o v e m e n t  o v e r  t h e  con- 
c e n t r a t i o n s  of Change 2 w a s  noted, t h e  h e a a w o r k s  g a t e s  w e r e  not s a m -  
pled s e p a r a t e l y .  By o b s e r v i n g  the  s a n d  b a r  which bui l t  up i n  f ron t  of 
e a c h  ga te ,  i t  is be l ieved  tha t  t h e  concen t ra t ions  p a s s i n g  e a c h  h e a d w o r k s  
ga te  w e r e  a p p r o x i m a t e l y  equa l .  

Change 4 (Recommended  Des ign)  

A s  shown ill F i g u r e  13, Change  4 cons i s t ed  of two c u r v e d  w a l l s  
fo rming  a channe l  pas t  t h e  headworks .  T h e  wa l l  with the s h o r t e s t  r a d i u s ,  
30 fee t ,  w a s  f a r t h e s t  f r o m  t h e  headworks .  'I'lle d i s t a n c e  be tween t h e  
wa l l s  w a s  cons tan t  a t  1 2  f ee t ,  and  t h e i r  t op  e l eva t ion  was  2353.00 fee t .  
Sand w a s  p laced  in the a r e a  be tween t h e  wa l l s  t o  e l eva t ion  2348.00 feet,  
and  the  tes t  clisci~al-ge of 97.5 c f s  w a s  s e t .  Ap~:roxilrlately t h e  s a r n e  d i s -  
c h a r g e  d iv is ion  as p rev ious ly  used w a s  s e t ;  5 8 . 7  c f s  w a s  d i v e r t e d  t o  t h e  
headworks  a n d  30.8 c f s  was used as s lu i c ing  w a t e r .  'l'tle reser 'vo i r  e l e -  
vat ion w a s  held a t  approxitl-lately 2352.54 fee t ,  and the  mode l  w a s  op- 
e r a t e d  f o r  4 9  h o u r s .  

Sarnples  of the w a t e r  and s e d i m e n t  being d i s c h a r g e d  f r o m  t h e  
rnodel w e r e  talcen d u r i n g  opet9ation. 'I'he s a n ~ p l e s  indica ted  a n  i m p r o v e -  
m e n t  of s e d i m e n t  concen t ra t ions  in  t h e  s lu i ceway  and  headworks .  T h e  
a v e r a g e  concerl t rat ion of s e d i m e n t  p a s s i n g  the  s lu i ceway  w a s  830 ppln 
while  t h e  a v e r a g e  concentt-at ion of s e d i m e n t  p a s s i n g  t h e  headworks  w a s  
124  ppm.  T h e  two  p reced ing  concen t ra t ions  r e s u l t e d  in a n  a v e r a g e  s e d i -  
m e n t  conceri t rat ion in  t h e  w a t e r  being d i s c h a r g e d  f r o m  the  nlodel  of 405 
ppm a ~ ? d  a r a t i o ,  CS/CII, of 6.69. 



a s u b s t a n t i a l  i m p r o v e n ~ e n t  o v e r  p r e v i o u s  d e s i g n s  t e s t e d .  T h e  a r e a  i n  
f ron t  of t h e  headworks  r e m a i n e d  f r e e  f r o m  s e d i m e n t  b a r s ,  as shown 
in F i g u r e  17 .  Sediment  depos i ted  on the i n s i d e  of t h e  c u r v e  n e a r  the  
guide w a l l  f a r t h e s t  f r o m  t h e  headworks ,  while  t h e  a r e a  n e a r  the head-  
worl ts  w a s  lef t  r e l a t i v e l y  c l e a r  of s e d i m e n t .  A t  t h e  cnd of the  guide 
wal l s  a good d e a l  of s c o u r  o c c u r r e d  as shown i n  F i g u r e  17a .  T h e  
s c o u r  indica ted  tha t  i t  would be  a d v i s a b l e  t o  pave  the  a r e a  n e a r  t h e  
e n d s  of the  guide wa l l s .  

0 

Although t!le improved  condi t ions  r e s u l t i n g  f r o m  Change 4 
w e r e  c o n s i d e r e d  s a t i s f a c t o r y  f o r  des ign  p u r p o s e s ,  i t  w a s  dec ided  t o  
t r y  two additional.  d e s i g n s  tha t  w e r e  p roposed  t o  d e t e r m i n e  the  e f f ec t  
of us ing  a tunnel  which would s e p a r a t e  the  s lu i c ing  w a t e r  f r o m  the 
c a n a l  w a t e r  b e f o r e  i t  r e a c h e d  t h e  c a n a l  headworks .  

Change 5 

F o r  the  f i r s t  t unne l  t e s t  t h e  guide wa l l s  of Change  4 w e r e  left  
in place, and  a t unne l  f i t t ing be tween  t h e  guide wa l l s  was added.  The 
tu1111e1 p o r t a l  w a s  approx ima te ly  31 fee t  u p s t r e a m  f r o m  t h e  s l u i c e  g a t e s  
and  a s  tnay  b e  s e e n  f r o m  a s tudy  of F i g u r e  13, t h e  e l eva t ion  of t h e  tun -  
ne l  bot tom :vas placed  at 2348.00 f ee t  and  the  tunnel  r o o f  a t  e leva t ion  
2349.50 f e e l .  Thc tunne l  w a s  c o ~ l s t r u c t e d  of 1 5  gauge  s h e e t  metal, 
and  t h e  roo f  had n o  a p p r e c i a b l e  t h i c k n e s s .  T h e  a r e a  u p s t r e a m  f r o m  
the  tunnel  and  be tween  t h e  guide wa l l s  w a s  leve led  a t  e l eva t ion  2348.00 
feet ,  and  the ope ra t ing  d i s c h a r g e  of 9 7 . 5  c f s  w a s  s e t .  T h e  w a t e r  w a s  
divided a p p r o s i m a t e l y  the s a m e  as i n  p reced ing  t e s t s ;  39 .5  c f s  was  
used  as s l u i c i n g  w a t e r ,  and  58 .0  c f s  w a s  d ive r t ed  through B a r t l e y  Ca-  
n a l  headworks .  T h c  r e s e r v o i r  e leva t ion  was held at approximately 
2353.57 feet ,  nncl t he  m o d c l  w a s  o p e r a t e d  f o r  G-1/2 h o u r s .  

S a m p l e s  t aken  d u r i n g  t h e  opera t ion  indica ted  a s e d i m e n t  coil- 
c e n t r a t i o n  in the w a t e r  c o m i n g  f r o m  the  11eadworks.of 1 1 5  pprn while  
t h a t  c o m i n g  from. the  s lu i ceway  w a s  901 ppm. T h e  a v e r a g e  c o n c e n t r a -  
t ion of sed imen t  l eav ing  t h e  m o d c l  f o r  t he  above condi t ions  w a s  433 
ppm, and  tile r e s u l t i n g  coi~cent r .a t ion  r a t i o  w a s  7 . 8 3 .  

T h e  tunnel  c r e a t e d  s o m e  turbulence  n e a r  i t s  e n t r a n c e  s i m i l a r  
t o  tha t  shocvri i n  F i g u r e  l a b .  'She tu rbu lence  p robab ly  a idcd  in  l i f t ing 
sedi tnent  o v e r  the  tunnel,  which depos i ted  on t h e  tunnel  roof  and in  
front  of the  headworks ,  F i g u r e  18a. 'l'he s e d i m e n t  depos i t  was quite  
s i z a b l e ,  ant1 it is bel ieved tha t  t h e  sed imen t ,  a f t e r  r e a c h i n g  equi l ib-  
rium, wotlld cont inue  th rough  the  headworks  and  t h u s  i n c r e a s e  t h e  
concen t ra t ion  going in to  t h e  c a n a l .  

i \ s  Change  5 would be m o r e  expens ive  t o  c o n s t r u c t  than  Change 
I 4, no f u r t h e r  t e s t s  w e r e  conducted .  



The tunnel used in Change 5 was shortened fo r  Change 6. 
The guide walls of Change 4 were left in  place, and the tunnel entrance 
was moved to the center line of the: headworks. A floor was placed a t  
the end of the guide walls a t  elevation 2348.00 feet to  simulate a paved 
condition to aid in observing scour.  The resulting design of Change 6 
may be seen in Figure 13 .  The a r e a  in front of the tunnel was leveled 
to elevation 2348.00 feet, and the operating discharge of 97.5 cfs was 
se t .  39.0 cfs was used a s  sluicing water, 58.5 cfs was diverted through 
Bartley Canal headworlts, and the reservoi r  elevation was held a t  ap- 
proximately 2352.53 feet. The model was operated a t  these conditions 
for 24 hours.  

A s  in Change 5 a large sediment deposit formed on the tunnel 
roof, Figure 19a, indicating higher sediment concentrations would oc- 
cur  through Gate 1 when the sediment deposit reached equilibrium. The 
average concentration of sediment which passed the headworks during 
the operation was 168 ppm, and that which passed the sluiceway was 808 

The average sediment concentration discharged from the model 
for  the preceding conditions was 424 ppm, and the resulting concentra- 
tion ratio 4.81. Turbulent conditions near  the tunnel entrance were  
present a s  in the previous design. In the photograph of Figurc 18b a 
vortex may be seen near the guide wall and above the tunnel entrance. 

The photograph in Figure 19b shows the a r e a  a t  the end of the 
guide walls a f te r  24 hours of operation. The floor whicli was placed 
a t  the end of the guide walls, to simulate a paved condition, may be 
seen. There were sand deposits on the floor and some scour occurred 
nea r  its edge. 

Varied Discharge Ratios and Intermittent Sluicing Tes t s  

A s  Change 4 resulted in satisfactory operation for the dis-  
charge rat io  tested, tests  were made to deterriline the optimum d i s -  
charge ratio and to determine the value of intermittent sluicing. These 
t e s t s  may be of benefit in determining the best method to operate the 
prototype s t ruc ture .  Gate settings s imi lar  to those expected i t 1  the field 
were used for testing discharge ratios.  

The f i r s t  test  consisted of varying the ratio of water being dis-  
charged through the iizadworks and sluiceway whi le  the total  discharge 
of the r ive r  was held a t  97.5 cfs .  Besides the discharge rat io  pre- 
viously tested, three additional discharge rat ios  were tested. Each 
additional rat io  was held while Change 4 was operated f o r  approxinlately 
8 hours. Results of these tes ts  may be seen in the graph of Figure 20. 
The tests  indicated that the sluice gate was effective for sma l l  sluicing 
discharges.  1 concentration 1-esulted in the sluiceway approximately 
twice a s  high as that in the headworks when the discharge in the head - 

I works was four  t imes that in the sluiceway. A s  the discharge in the 



tration o? sediment in the water going through the sluiceway increased 
rapidly. This continued until the discharges through the sluiceway and 
headworks were approximately equal. At equal discharges the concen- 
tration of sediment going through the sluiceway was approximately eight' 
t imes  that going through the headworks. Changing the discharge ra t io  
beyond the points of equal discharge appea.red to have little effect on the 
concentration ratio.  Due to the length of t ime that would be required for  
the model r iver  bed to  re-establish equilibrium i f  another total discharge 
were to  be tested, additional tes t s  along this line were not made. 

Tes ts  to determine the value of intermittent s lu ic i~ lg  were con- 
ducted. For the intermittent sluicing tes ts  the model was set  so  that the 
headwater elevation was held at approximately 2352.5 feet and s o  that 
the discharge was 38.8 cfs in the sluiceway arid 58.7 cfs  in the headworks. 
:\fter establishing the discharges,  the sluice gate w a s  completely opened 
and left open fo r  22  minutes:::. After the sluice gate had been open for  22  
minutes, it was completely closed until the headwater elevation reached 
2352.5 feet, and the previous discharge ra t io  was established. The model 
was then operated f o r  45 minutes af ter  which the complete operation was 
repeated. During the time of sluicing, samples  were integrated in a man- 
ne r  that included the complete sluicing period. The sanlples indicated 
that during the sluicing period the concentration rat io of sediment in the 
sluiceway to sediment in the headworks, C S / C ~ ,  decreased to a value of 
approximately four, and the water discharge through the headworks de- 
creased by approsimately 15 percent. A s  the water storage a rea  in the 
model did not include t h ~  full width o r  length of the s torage area in the 
prototype, the decrease  in canal discharge in the prototype would be 
less .  While the sluice gate was open, a sand bar  built up i n  the a r e a  
immediately under the sluice gate and on the apron to the r iver  channel. 
Immediately af ter  the headwater was raised to  2352.5 feet and the s luice 
gate was se t  for the tes t  discharge ratio, the concentration of sediment 
i n  the sluiceway nappe became quite high. A s  shown in Figure 21, the 
sediment concentration in the sluiceway and headworks both reached a 
nlaxinlum approximately 2 minutes af ter  the sluice gate was reopened. 
The sediment concentrations decreased to the i r  average values in ap- 
prosinlately 20 minutes. Although the concentratio17 of sediment in both 
the sluiceway and headworks increased, the increase  was  by far the 
la rger  in the sluiceway. A study of Figure 21 reveals  the sluicewajf 
concentration increased to approximately 4,500 ppm, which is an i n -  
c rease  of 442 percent over the nor~r ,al  concentration of 830 ppm, while 
the  headworlts concentration increased to approximately 170 ppm, wh ich  
i s  an increase of 37 percent over the ltorrnal concentration of 124 ppm. 
Figure 22, which shows the concentration ra t io  plotted against the t ime 
af ter  sluicing, indicates that for  approximately 18 minutes after the 
sluice gate was reopened the concentration ratio, C s / ~ h ,  was above the 
normal  of G .  69. 

.- 
;:: Times  a r e  indicated a s  model time. 



As a resu l t  of the model study, the arrangement  shown a s  
Change 4 in F igure  13 w a s  adapted i n  design of the prototype s t r u c -  
ture .  This a r rangement  resulted i n  a ra t io  of the concentration of 
sediment in the sluicing water to the concerltration of sediment in the 
water passing Bart ley Canal headworks of 6 .69 ,  when the headwater 
elevation was 2352.54 feet  and the discharge in the headworks and 
sluiceway were  respectively 58.7 c f s  and 38.8 cfs.  This sediment 
ra t io  indicates a substantial  improvement over  the preliminary de- 
sign. 

ill1 r eco rds  possible should be kept regarding sediment  con- 
centrations, sediment deposlls,  d i scharges ,  and operating procedure 
until the best  resu l t s  of operatiot~ a r e  obtained in the prototype s t ruc-  
tu re .  Methods of operating the prototype based on the operation studies 
given i n  this repor t  and on visual observation and t e s t s  on the  prototype 
should be used. The model tes ts  indicate that equal amounts of water 
through the headw orks  and sluiceway give good resul ts ,  however, 
with a s m a l l  percent of the total d i scharge  going through the sluiceway 
a substantial  portion of the sediment load was removed. When excess  
water i s  available, the s luice gate should occasionally be completely 
opened for  intermittent sluicing of t he  complete system. 

T e s t s  on the prototype to  ver i fy  the model study by taking 
sediment s amples  on the prototype operatirig under conditions s imi l a r  
to  those for which the model was tes ted would be a valuable contribu- 
tion to the design of future diversion s t ruc tu res .  



BARTLEY DIVERSION DAM 
Hydraulic Properties 

Data f rom 1:7 s c a l e  model 

Change Operation 
No. Hw el Time ( h r )  (2s Qh C s  Ch C i  Ct  C S / C ~  

Pre l imina ry  . 
design 

1 2352.53 51-112 39.5 58.0 250 603 474 460 0.41 

2 2352.51 34 37. 8 59.7 588 367 474 453 1.60 

3 2352.49 24 38. 7 58. 8 622 3 89 474 481 1.60 

4 2352.54 49 38.8 58.7 830 124 474 405 6.69 

5 2352.57 6-112 39.5 58.0 901 115 474 43 3 7.83 
- - 

6 2352.53 24 39.0 58.5 808 168 474 4 24 4.81 

Hw el = average  headwater elevation. 
Qs = average discharge through sluiceway c f s  (prototype). 
Qh = average discharge through headworks c f s  (prototype). 
C s  = average sediment  concentration in sluiceway ppm by weight, 
Ch = average sediment  concentration in headworks ppm by weight. 
C i  = concentration of sediment being added to  the made1 ppm by weight. 
Ct = average sediment concentration discharged from model ppm by weight. 









(a) Preliminary design operation - total discharge 
9 7 . 5  cfs;  discharge diverted to Bartley Canal 6 0 . 2  
cfs; discharge used for sluicing 3 7 . 3  c f s . ,  

(b) Calibrated col lect ing tanks. 

Missouri River Basin Project 
BARTLEY DIVERSION DAM 

PRELIMINARY DESIGN A* COLLECTING TANKS 
1:7 scale model  





and used in 1:7 hydraulic model study 
o f  B a r t l e y  diversion dam.  



F I G U R E  7 

M I S S O U R I  R I V E R  B A S I N  P R O J E C ' T  

B A R T L E Y  D I V E R S I O N  D A M  
C O M P A R I S O N  O F  S A N D  S E T T L I N G  V E L O C I T I E S  



(a) Republican River  bed sand 

(b) M o d e l  s a n d  

hlissouri  River Basin Project 
BR RTLEY DIVEKSION DAM 

REPUUL,ICAN KIVEK A N D  MODEL SAND 
I : 7 s c a l e  model 





P E R C E N T  OF TIME F L O W  I S  E Q U A L  TO O R  LESS T H A N  O R D I N A T E  

M I S S O U R I  R I V E R  BASIN P R O J E C T  

B A R T L E Y  D I V E R S I O N  D A M  
F L O W  P A S S I N G  B A R T L E Y  D I V E R S I O N  D A M  





(a) hluclcl 111 oi)c:ratlon - total tllsctrtrge 9 7 .  5 cis 
discharj:e through headwor-kh 60 .  '2 c:fs; dischnrgc- 
thrbough s lu lccway  37 .  3 cfs .  Wllitcs s t r s eaks  a~*t. 

c:c~nfett~ o n  t h e  w a t c r  s l~rl ;~c:c~.  



Cs SE IM NT CONCENTRATION IN SLUICEWAY 
I; - sc:IM:NT coNcENrRA7!oN IN nc*DwoRKs 

C H A N G E  NO. 3 2 . 1 6 0  

1 I . *  .-- 
.....--. . .-30.73'. --- -4.-* - .  .:-,..., . . . *: ,I . . 

a ,  s - n  - / i.. ....... ........ :.;.. 
C H A N G E  NO. 5 2 - 1 8 3  

M I S S O U R I  R I V E R  B A S I N  P R O J E C T  

B A R T L E Y  DIVERSION D A M  
M O D E L  C H A N G E S  

D A T A  FROM 1 :  7 S C A L E  MODEL 



(a)  h l c d e i  In operatio11 - total t l l ~ c l ~ i r g t '  
9 7 . 5  cfs; discharge t h r o u g h  headworks  
58.0 cis;  dischmrge t h r o u g h  s lu~cew: ty  
30 .5  c is .  



(a) Rlodcl l r i  o i~cmtior~ - t o t a l  t f i so t~;~~'g i .  97.5  c i s ;  
disc11;~t-gc t h r n n ~ l ~  t ~ c ; r c l w ~ > r k s  fi!). 7 c f s ;  d i s c i l a r g c  
t h r o u g l ~  s l u i c c w ; ~ > -  :37.1( c f s .  

(I)) S e c l ~ n ~ e n t  pattc:x-n after 3.1 hrs. of ol~crativrt at 
thc : i l ~ o v c ~  c.c)ntflt~orls - 11otc s r ~ n d  Lwlr 011 t l tc:  i ~ c a d -  
works floor* In t l ic  fol-cground. 



(a) Sand bars  that built up i n  front of t h e  head- 
works af ter  24 hours of operation at the  test 
conditions. 

(b )  Sed~~t len t  patter-11 between t l ~ c  g u i d t  w a l l s  
- notc bar- f u r r ~ ~ e d  over sk~nlrnitiy: w e ~ r  arid 
scoul- n e a r  end  of outer gu ide  wall. 

hlissouri ltivcr fhsirl I'roject 
l3t\ ltTI,k:Y IIlVl2 ILSION I))\ i l l  

l J l l O l t h l N E  0 1 . '  CIIAN(;lC :1 
1:7 scale n ~ c d c l  



( a )  Genera l  s c o u r  pattern a f t e r  49  h o u r s  operat ion 
at the  t e s t  condit ions  - note  e r o s i o n  n e a r  end of 
guide wall. 

(b) S c o u r  pattern between gulde  w a l l s  n e a r  the Ileati- 
w o r k s  - note  a r e a  in front of the  headworks  g a t e s  i s  
r e l a t i v e l y  c l e a r  of s a n d  b a r s .  

h l i s s o u r i  l i i v e r  Bas in  Projec t  
NA IC'I' LEY DIVE IISION DAhl 

I'EIIFOIIhltZNCE OF CIIANCE 4 
1:7 s c a l e  mode l  



(b) Change G - water su r face  showing vortex near 
tunnel entrance - total discharge 0 7 . 5  cis;  discharge 
being diverted to Bartley Canal 58.5 cfs; discharge 
being used as sluicing water 3 9 . 0  cis .  

Missouri River Basin Project 
BARTLEY DIVERSION DAM 

PERFORMANCE OF CHANGES 5 A N D  G 
1:7 scale  model 

Figure 18 

(a) Change 5 - sediment deposits on top of the 
tunnel a f t e r  6 . 5  hrs. operation - total dis-  
charge 97.5 cfs; discharge diverted t o  Bartley 
Canal 58.0 cfs; discharge used for sluicing 
3 9 . 5  cfs .  



(a) Sediment deposits on tunnel roof-after 24 
hours operation at the test conditions - note 
sand bar in front of headworks gate. 

(b) Scour near end of guide wall - note floor 
in posjtion at end of guide w a l l .  

Missouri River Basin Project 
BARTLEY DIVERSION DAM 

P E R F O R M A N C E  OF CHANGE 6 
I:? scale model 
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M I S S O U R I  R I V E R  BASIN PROJECT 

B A R T L E Y  D I V E R S I O N  DAM 
CONCENTRAT ION R A T I O  VERSUS T I M E  A F T E R  SLUICING 

DATA FROM 1 :  7 S C A L E  MODEL 


